It is well established that administration of the amino acid, 1 -tryptophan, increases brain serotonin (4, 13, 15, 34, 55) . A recent investi gation dealing with a therapeutic trial of 1-tryptophan in a group of female schizo phrenic patients (29) led to a serendipitous discovery. The metabolic production of 5hydroxytryptamine (serotonin) by daily tryptophan feeding for three weeks in the presence of an MAO inhibitor (phenelzine) and under certain conditions of its admini stration, evoked an overwhelming affect of pleasure in a majority of patients. This affect was sexual in content and compulsive in its drive quality. It endured for the time of serotonin elevation in the brain and formed a striking contrast to the usual anhedonic affective state of schizophrenia. Among the conditions surrounding the amino acid ad ministration was the concurrent use of psy chotropic drugs. In those patients in whom two or more of such drugs (a butyrophenone and phenothiazines) were used in heavy dosage a surging increase in sexual affect and behaviour was striking. This aphrodisiac effect seemed less however when only mild doses of a single drug (for example, chlor promazine 50 mgm daily) were used and was completely absent in patients in whom no psychotropic drugs were employed.
Pollin and co-workers (39) administered separately seven amino acids to a group of schizophrenic patients maintained on an 'Revised manuscript received January 1974. 'Clarke Institute of Psychiatry, Toronto, Ontario Can. Psychiatr. Assoc. J. Vol. 19 (1974) MAOI drug, iproniazid. Of the amino acids only methionine and tryptophan proved behaviourally active. One paranoid schizo phrenic patient, given tryptophan, became 'amorous' under its influence.
Ananth and co-workers (2) used tranyl cypromine with methionine in 20 schizo phrenics in an attempt to shift the metabolic pathway from oxidation to transmethylation. Compulsive sexual activity was noted in four of the patients.
The Bipolarity of the Serotonin Effect.
A connection between serotonin and pleasure is not new. When a specific sero tonin antagonist, parachlorophenylalanine (PCPA) was first introduced, a sequel to its administration in rats, rabbits and cats in the form of an increase in sexual activity was quickly observed (43,46). The aphrodisiac effect was facilitated by pretreatment with pargyline, an MAO inhibitor (47). This work has been subsequently confirmed (14, 41) .
A PCPA conference (43) confirmed that male animal hypersexuality is brought about by antiserotonin, catecholamine activation and by testosterone, in summative fashion. In man, the uncommon prevalence of an in crease in libido following the exhibition of L-dopa in patients with Parkinson's disease has been attributed to catecholamine activa tion. The conference also concluded that the relationships in the case of female animals are more obscure. Oestrus occurence how ever is increased by PCPA (26) and pre-Vol. 19, No. 5 paration for copulatory behaviour during oestrus is diminished by increased serotonin activity (10). Furthermore agents inhibiting serotonin production seem to increase the mating behaviour in female rats (10, 35) . The NIH conference asserts (43) that little is known of the relationship between bio genic amines and sexual activity in man.
Brain Serotonin in Response to Drugs of Abuse.

Cannabis (marijuana) intoxication.
Cannabis intoxication is characteristically accompanied by pleasure. This for the ma jority of smokers takes the form of euphoria, alterations in time sense, perception, mood and behaviour. Fantasy life is rich and in many subjects is dominated by psychosexual drives. There may be little desire for overt sexual activity -day dreaming seems sufficiendy pleasurable of itself.
Investigation of metabolic changes, partic ularly those involving biogenic amines, rapidly followed the identification and puri fication of the active principal of Cannabis sativa, trans-, A" tetrahydrocannabinol (THC) and its metabolites. Since 1964 (9) when bioassay methods revealed a fourfold in crease of serotonin in brains of rats treated with crude THC, further studies using more refined methods (and drugs) have amply confirmed this (42) . This pleasurable affect, along with the increase in brain serotonin, follows the exhibition of a minimal dose of the drug. Neither the pleasure nor the in crease in brain serotonin is affected by in creases in the dose of the drug (23). The in crease in brain serotonin seems to occur maximally in the area of the hypothalamus and the midbrain (44). Apparently the in fluence of THC on brain noradrenalin is either to leave the level of this neurotrans mitter unchanged or to depress it. Truitt and Anderson (50) conclude that the change in ratio of serotonin to noradrenalin may be more important than alteration in the level of either of these monoamines considered alone.
Lysergic Acid Diethylamide (LSD 25).
This is another commonly abused hallu cinogen yielding pleasurable affect, often with a psychosexual content. As with marijuana its ingestion significantly distorts the ratio of indolamines to catecholamines in brain by raising serotonin but leaving the level of noradrenalin (6,49) unchanged.
Maugh (32) has drawn attention to the work of Voss and his co-workers (54) who suggested that the indole alkaloid, LSD, can substitute for the indole amino acid trypto phan in protein synthesis. Voss found sup port for this since a large addition of trypto phan -and only of tryptophan -reverses the effect of LSD.
Mescaline.
This ancient yet still popular hallucinogen is noteworthy for its perceptual distorting properties. However, it also possesses marked euphoriant effects. The biogenic amine response to its ingestion is again similar to. the hallucinogens already con sidered, namely a distortion of the serotonin-noradrenalin ratio because of a signifi cant increase in brain 5-hydroxytryptamine (23,49,50).
The Amphetamines.
Amphetamines appeal to certain groups of addicts. They appear to differ from the fore going drugs in that the experience is com monly associated with more motor activity and less fantasy formation. Psychological in vestigation of amphetamine addicts (19) emphasizes the aphrodisiac quality of their dependency; euphoria and sexual preoccu pation are commonly found. Metabolic studies, while less conclusive than those al ready referred to on cannabis dependence, do suggest a similar conclusion (6). Am phetamine and stress are both known to produce an increase in serotonin in the brain stem, while under other circumstances and elsewhere in the brain, amphetamine may change the biogenic amine ratio to favour increases in noradrenalin (57). This is sup ported by the findings, of Stein (45), and Wise and Stein (60), who showed that am phetamine stimulated reward behaviour by acting upon noradrenergic synapses.
Morphine and the opium alkaloids.
Narcotics such as these are among the most addicting of all. They are also among the most pleasure-provoking. Their use for this purpose goes back a long way in history and has been the subject of careful report. In 1856 Thomas de Quincy wrote in his Confessions of an English Opium Eater that mighty opium ".. . has the keys to Paradise". Like cannabis smoking, and unlike the use of amphetamines, the subject is relaxed and lost in a dream-like cloud of pleasurable fantasy.
Despite its widespread abuse, little firm scientific research of a biological nature has been accomplished until recently. Loh and his co-workers (28) reported that cerebral macromolecules play an important role in the development of narcotic tolerance and dependence. Most contemporary theories of drug action and drug specificity involve the concept of a molecular drug-receptor com plex. Pert and Snyder (38) have suggested that the site of this complex exists solely in nervous tissue with regard to morphine and is represented more specifically in the diencephalon than in the cortex or cerebel lum. They discuss this in relation to neuro transmitters and seem to favour acetylcho line over dopamine. With the knowledge that 5-HT increases with morphine tolerance, it was suggested (40, 56 ) that one of the pro teins may be associated with 5-HT synthesis. Way's (56) data were confirmed by Maruyama (31) who employed pargyline as the MAO inhibitor. Despite the objections of Cheney and co-workers (11) who used a direct method for measuring serotonin turn over, a recalculation of their figures by Hitzemann (21) and his co-workers showed that the direct method actually confirmed the Way findings. It appears certain that mice who have become tolerant to morphine have a higher than normal turnover of brain sero tonin. These authors (21) also showed that 20 minutes following administration of [3 H ] tryptophan led to a 50 percent increase in its conversion index and to a marked in crease in brain serotonin in morphinetolerant mice but to no change in endo genous serotonin or 5-HIAA.
In another series of experiments Shen and associates (40) substituted for the pargyline technique the use of probenecid to block the excretion of 5-HIAA from the brain. Their results again confirmed an increase in sero tonin turnover in morphine tolerant mice.
Certain centres of the brain have been found in which serotonin relevance to mor phine addiction may be focused. Such areas include the midbrain of the mouse (22), the rat (5) and the septal area of the rat (25). Pert and Snyder (38) do not report on the representation of the molecular drug-re ceptor complex in the hypothalamus or limbic lobe. It is entirely possible, therefore, that their neurotransmitter could be sero tonin rather than their postulated acetylcho line.
The Psychology of Pleasure.
Persons with drug dependence show char acteristics in common with psychiatric syn dromes. The insatiable compulsive quality of the need to repeat the drug, and the some times total absence of moral and social in hibitions to obtain the drug, suggest charac teristics typical of the anankastic personality. Once established, the pattern of drug abuse may bring about a complete personality change in the patient, revealing qualities hitherto unsuspected. The insensate compul sion to continue the habit seems to have moved beyond the logic of rational thought. At the same time the compulsion may be ex plained by learning theory and hedonic drive.
In the context of drug dependency the psychology of learning is now reasonably well understood. Learning may occur when a stimulus and response pattern is repeated. Facilitation of learning is aided when as sociated factors are present. In Pavlovian conditioning terms these would be called un conditioned factors; in instrumental or operant conditioning such reinforcers may be termed rewards. Any circumstance which would relieve discomfort, accentuate pleas ure or bring about a desired situation in en vironmental, visceral or psychophysiological experience, could be regarded as one pro viding positive reinforcement or reward. Conversely, conditions provoking unpleasant feelings or punishment of any kind would yield negative reinforcement and inhibit learning. In similar fashion positive feedback would tend to promote learning, negative feedback to discourage it. Incentives add to learning; if expectation is of factors known to have provided pleasure in the past, then decisions will be taken to favour experi encing it again. Since incentives commonly include a wide net of associated choices, a large segment of the personality may well be involved in the pursuit of a single pleas ure-promoting way of life and repeated preparations for its implementation may take up much of the person's time.
One psychologic variable in all drug in vestigations is that of set, attitude or ex pectancy of the subject to the drug involved. Of course, this factor applies to the labora tory situation as much as it does to the social setting but the simple determinants of set in rats can scarcely be compared to the ex tremely complex ones which characterize the behaviour of man in society. It has been claimed (24'i that the subjective effects ex perienced oy many American marijuana smokers are determined more by psychologi cal factors than by the THC content of their cigarettes. Social and cultural influences on the cannabis user have been well described (7, 18, 27, 58) . In an Ontario investigation Marshman and Gibbons (30) discovered that 34 percent of street samples of cannabis analysed contained no marijuana; and it has been asserted that far more addicts talk of their drugs than actually use them. In Jones's survey (24) frequent smokers of cannabis were able to become intoxicated by smoking a placebo as easily as by smoking cannabis. As Tart (48) has pointed out, sexual arousal is characteristic of marijuana intoxication in 75 percent of subjects. It has already been reported (29) that sexual activity increased in a similar proportion of subjects who were given high doses of tryptophan and that this was further added to with the appearance in the room of a member of the opposite sex.
Berlyne (8) equates pleasure, reward value, positive feedback, positive reinforce ment and attractiveness; collectively he terms these "positive hedonic value". As Wundt suggested in 1874 (61) this concept is almost invariably associated with a change in arousal level. Usually, preparation for achievement of pleasure comes about with a heightened degree of arousal, and this level decays with drive reduction and a state of satisfaction supervenes. In certain circum stances pleasure may be gained by reducing arousal if the initial arousal level is ex cessively high.
Given that the effect of drug taking is pleasurable then the components of learning theory listed above are capable of describing the process of addiction. All that remains is to provide the theory with a structural and metabolic basis.
The Neurophysiology of Pleasure.
Delgado and co-workers (12) determined the site for a centre of negative reinforce ment. Stimulation of the medial hypothala mus and the continuous extension of this into the midbrain reticular formation was found to provoke aversive responses and negative reinforcement. Olds and Milner (36) using an ingenious technique of moni toring the effects of self-stimulation in rats, were able to elicit elements of a positive re inforcing reward system in other areas of the brain stem. The focus of this system (37) seems to be located in the lateral hypo thalamus and medial forebrain bundle; to these areas should be added elements of the adjacent reticular activating system (52). Ungerleider and Coons (51) had shown that afferents in the medial forebrain bundle con verge from the opposite side of the brain. It has been shown (17) that impulses travel from the anterior preoptic area of the medial forebrain bundle to the contralateral poste rior hypothalamic part of the bundle, thus providing new light on the pathway of the self-stimulation rewarding system. Nauta (35) had shown that lesions of the lateral hypothalamus led to degeneration of the posterior part of the bundle down to the limbic midbrain area. This area would in clude the ventral tegmentum, the ventral part of the periaqueductal gray matter and the reticular cell masses of Von Bechterew and Gudden.
Stimulation of implanted electrodes in these areas of positive reinforcement needs little argument in favour of their hedonic value. Even neglecting food and sleep, the rats will incessantly press the pedal providing themselves with stimulation; they will con tinue compulsively for thousands of repeti tions, and at a frequency so great as to lead them to exhaustion. The learning so achieved has all the elements of the review of learn ing theory mentioned above and it possesses all the qualities found in persons addicted to drugs.
Cerebral Metabolic aspects of Pleasure and Drug Dependence.
From the foregoing it may be argued that the craving to continue the self-administra tion of drugs is based on the craving to re peat the pleasure they provide. If this craving is a learned activity and subject to the laws of learning, and if the location of positive reinforcement is the lateral hypo thalamus, medial forebrain bundle and adja cent reticular formation then one may ask: what is the chemical neurotransmitter mechanism mediating this chain of events? It has been noted that the use of drugs of dependence, including the narcotics, leads to an increase of serotonin and reciprocally to inhibition, or no change of noradrenalin in the brain, and that serotonin antagonists and agents favouring accumulation of nor adrenalin may lead to increased sexual activity and compulsive behaviour, sugges tive of an insatiable need to repeat the pleasure. It was evident that this aphrodisiac compulsive drive was not just the result of increasing brain serotonin by tryptophan feeding in the presence of the MAOI drug (29) . Instead, the positive reinforcement only reached a level yielding behaviourally obvious pleasure when the strong antiadrenalin effect of the heavy phenothiazine or butyrophenone drugs were added to this regimen. The net effect therefore of these findings seems to result from a disturbance in the ratio of brain serotonin to that of brain noradrenalin. Displacement of this ratio to a threshold degree either way is perhaps the metabolic cause of the hedonic drive and the restless craving to repeat the experience.
While work has existed for many years which chemically delineates the monoamine distribution of neurons in the brain (1,53) it was not until the discovery of the histofluorescence technique (20) that accurate neurotransmitter maps could be drawn. In regard to the brain areas subsuming the re ward system it has been shown that both noradrenergic and serotonergic neurons send axons from the lower brain stem to the medial forebrain bundle to terminate in the hypothalamus (3,16,20) . Wise and co workers (59) have proposed a reciprocal action for serotonin and noradrenalin. Based on experiments in which these monoamines were separately injected into the lateral ven tricles in rats, they hypothesized that nor adrenalin is the neurotransmitter for the reward system, while serotonin stimulates the punishment or aversive system. It would appear that such rigid polarization of action is untenable. Rather it is that the resulting stimulation depends upon attainment of a threshold imbalance between these two neurotransmitters. It would be logical to suggest therefore that it might be worth in vestigating whether the normalization of this metabolic ratio disturbance could be a form of treatment for drug dependency.
Summary
In man, incessant, compulsive sexual ac tivity may follow an increase in brain sero tonin simultaneously with a decrease in brain noradrenalin. In animals a similar compulsive aphrodisiac effect on behaviour can occur with the use of an antiserotonin drug permitting a relative increase in nor adrenalin.
Five commonly used drugs of dependence, including morphine, have been shown to in crease brain serotonin, thus disturbing the ratio of this monoamine, to noradrenalin.
It is argued that drug dependence is a phenomenon of learning and that this learn ing depends upon stimulation of the reward system of the lateral hypothalamus, medial forebrain bundle and midbrain reticular formation. Drug dependence could follow if the balance of brain serotonin and nor adrenalin were seriously disturbed by the Amin, A. N., Crawford, T. B. B., siol. 126: 596-618, 1954.  2. Ananth, J. V., Ban, T. A., Lehmann, N. E., and 
Wundt, W.: Grundziige der physiologischen
Psychologic Leipzig: Engelmann, 1874.
Resume
Chez 1'homme, une augmentation de la serotonine dans le cerveau, de pair avec une diminution de la noradrenaline, peut entrainer une activite sexuelle impulsive. Chez 1'animal, on peut trouver un effet aphrodisiaque impulsif analogue sur le comporte ment, quand on administre a oelui-ci une drogue anti-serotonine induisant une certaine diminution de la noradrenaline.
On a constate que cinq drogues toxicomanogenes communement employees, dont la morphine, augmentaient la sero tonine du cerveau, ce qui modifie la propor tion de cette monoamine par rapport a la noradrenaline.
On avance que cette pharmacodependance est un phenomene d'apprentissage, lequel repose sur la stimulation du systeme de recompense de l'hypothalamus lateral, du faisceau median du cerveau anterieur et de la formation reticulee du cerveau moyen. Si la drogue provoquait, dans Pune ou l'autre direction, un grave desequilibre de la se rotonine et de la noradrenaline du cerveau, la pharmacodependance pourrait s'ensuivre.
La normalisation de cet 6quilibre metabolique pourrait, pense-t-on, constituer un but logique pour le traitement de la toxi comania Thou hast the keys of Paradise, oh just, subtle, and mighty opium.
The Pleasures of Opium
Thomas de Quincey
